‘emote sensing &

David Thoma, Susan Moran, Ross Bryant,

I\/Iagfur Rahmany,,Chandra Holifield-Collins,
Susan SKirvin, Tim Keefer, and Ramon Norlega

_* Southwest Watershed:Research Center
;fa W USDA-ARS
Tucson, AZ USA




SO|I m0|sture maps used for:

--—"’" > Pest management
%, >lrrigation schedules
»Biomass production
~ »Ground water model
~ »Erosion models
- »CO, emission modelsT==




The Radar Advantage

Active sensor with high spatial resolution
—6t025m

Day or night operation

Physical models describe scattering
— |EM and others

Radar satellites currently in orbit
— Radarsat, ERS

Depth penetration

— 1 to 10 cm depending on wavelength and soll
moisture




Arizona




Components of backscatter
o° = {(©, rough)

Remote
sensing




Models

1) Integral Equation Method (IEM)
— models radar and its interactions with surfaces
— Invert backscatter to obtain O,

Iif 0°=1(O, rough)

then ©, = f(o°,rough)

2) Delta Index
— A-index = abs[(0°e; - 0%;y)/ 0°%yy)*100],
— 0%, = average radar backscatter of dry scene,
— 0°,.« = average radar backscatter of wet scene.

dry

wet




General approach

with in situ sensors

Additional measurements made with §7 e al i*';%i' N S
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Filterand pixel extraction (46 SIt€Ss)




Site specific relationships not good
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Site specific
y=8.99x-12.14
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Measured Soil Moisture (vol.)

¢ All sites, all dates - - = .Linear (All sites, all dates)




Habitat scale better
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Radarsat grass | Radarsat shrub
ERS shrub
Linear (Radarsatgrass) =— — Linear (Radarsat shrub)

ERS grass
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Watershed scale best but...

14% range in soil
moisture

Each point is an
average of
46 field sites

I

y =13.94x - 14.02
r>=0.97
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Volumetric soil moisture

A Jan mean ¢ Jul meanl @ Aug mean @ Sep mean




The narrow range in backscatter
makes inversion difficult

Each point is an average
of 46 field sites
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Measured soil moisture

A Janmean @ Julmean B Aug mean @ Sep mean — 1:1




Roughness adjustments
help, but...
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Measured soil moisture (vol.)

¢ Field measured Lc and rms B Lc adjusted (eq. 7)
A Lc and hrms adjusted (eq. 8) —1:1
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A new approach — The delta Index
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Volumetric soil moisture (%)

A ERS e Radarsat 1:1line




Delta iIndex calculated from backscatter
)*100]
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A-index = abs[(0°, - 0°,) 0%,
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Does |IEM reproduce
delta index results?

IEM modeled delta index
y = 0.152Ln(x) + 0.600
R? = 0.996
RMSE = 0.116
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delta index linear fit
y = 1.179x
R? = 0.908
RMSE = 0.027
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Soil moisture (vol.)

¢ IEMmodeled delta (0.01) ® observed

Log. (IEM modeled delta (0.01)) Linear (observed)




dry soil

entire
volume has
dielectric of

dry soil

moist soil

o° low

%é?

entire
volume has
dielectric of
moist soil

50% of
volume has
dielectric of
dry soil and

rock, 50% has

dielectric of
moist soil

In scattering models rocks matter

Less bulk
volume
capable of
retaining
moisture
suppresses
backscatter
response




Explanation of A-index

 A-index implicitly accounts for roughness,
vegetation, slope, and rock fragments
because these do not change between
Image acquisitions

e Sensitive to proportional change In
moisture




Advantages of A-index

A-index approximates the 1:1 line
Can be used with both ERS and Radarsat

Easy to implement and requires only
— dry scene and unchanging roughness
— very good image to image registration

Does not require roughness
measurements




Delta index map of soil moisture




Regardless of model used
speckle still causes trouble

e There are trade-offs between
accuracy and scale.

e Over smaller areas estimates of soll
moisture become less reliable.




Accuracy and Resolution

4
Kilometers

Kilometers

This is primarily due to image speckle.




July 30, 2003

Precipitation (mm)

Soil moisture (vol.)
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Determining appropriate spatial
scale - region growing algorithm

Radar
Image
Pixels

Grows a region
around field site

Computes
statistics (mean,
STDV, and CI)




Region Growing algorithm

Grows a region
around field site

Computes
statistics (mean,
STDV, and Cl)




Region Growing algorithm

bx5 pixel
area

Grows a region
around field site

Computes
statistics (mean,
STDV, and Cl)




Filtering and spatial averaging

reduce backscatter variabilit

red = no filter
green = 3x3 pixel median
pink = 5x5 pixel median

blue = 7x7 pixel median -

black = 9x9 pixel median

Backscatter StDev
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- highlight central tendency
|- distribution more normal
1-outlying values eliminated

42 field sites, 30x30 pixel mean
{Uniformly dry image date = Aug 04_02, WGEW



Optimum pixel cluster and effective
ground area

250 x 250 m
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each line represents a field site optimum cluster-
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green = 3x3 pixel median

@e = 5x5 pixel median

pink = 7x7 pixel median . ‘ ‘
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black = 9x9 pixel median
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Spatial scale vs. model accurac
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Conclusions
Revisit “The Radar Advantage”

Day or night operation

Radar satellites currently in orbit

— Radarsat, ERS

Depth penetration

— 1 to 10 cm depending on wavelength and soil moisture
Physical models describe scattering

— IEM and others

— Active sensor with high spatial resolution (6 to 25 m)
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